, two episodes of Candida tropicalis fungemia occurred in the Aristotle University neonatal intensive care unit (ICU). To investigate this uncommon event, a prospective study of fungal colonization and infection was conducted. From December 1998 to December 1999, surveillance cultures of the oral cavities and perinea of the 593 of the 781 neonates admitted to the neonatal ICU who were expected to stay for >7 days were performed. Potential environmental reservoirs and possible risk factors for acquisition of C. tropicalis were searched for. Molecular epidemiologic studies by two methods of restriction fragment length polymorphism analysis and two methods of random amplified polymorphic DNA analysis were performed. Seventy-two neonates were colonized by yeasts (12.1%), of which 30 were colonized by Candida albicans, 17 were colonized by C. tropicalis, and 5 were colonized by Candida parapsilosis. From December 1998 to December 1999, 10 cases of fungemia occurred; 6 were due to C. parapsilosis, 2 were due to C. tropicalis, 1 was due to Candida glabrata, and 1 was due to Trichosporon asahii (12.8/1,000 admissions). Fungemia occurred more frequently in colonized than in noncolonized neonates (P < 0.0001). Genetic analysis of 11 colonization isolates and the two late blood isolates of C. tropicalis demonstrated two genotypes. One blood isolate and nine colonization isolates belonged to a single type. The fungemia/colonization ratio of C. parapsilosis (3/5) was greater than that of C. tropicalis (2/17, P ‫؍‬ 0.05), other non-C. albicans Candida spp. (1/11, P ‫؍‬ 0.02), or C. albicans (0/27, P ‫؍‬ 0.05). Extensive environmental cultures revealed no common source of C. tropicalis or C. parapsilosis. There was neither prophylactic use of azoles nor other risk factors found for acquisition of C. tropicalis except for total parenteral nutrition. A substantial risk of colonization by non-C. albicans Candida spp. in the neonatal ICU may lead to a preponderance of C. tropicalis as a significant cause of neonatal fungemia.
Candida spp. are common causes of nosocomial invasive infections in neonatal intensive care units (ICUs). Although Candida albicans has historically been the most frequently isolated species, infections caused by non-C. albicans Candida spp. have been diagnosed with increased frequency in recent years (14, 17) . In particular, Candida parapsilosis has become the predominant fungal pathogen in many neonatal ICUs (11, 14, 17) . Moreover, recent studies have shown that C. parapsilosis is often a cause of clusters and common-source outbreaks (12, 29) .
In contrast, little is known about the roles of other non-C. albicans Candida spp. in neonatal ICUs (4) . To our knowledge, Candida tropicalis fungemia in neonates has not been adequately described, and the significance of mucocutaneous colonization of neonates by this pathogen remains speculative.
Two chronologically related unusual cases of C. tropicalis fungemia that occurred in the Aristotle University neonatal ICU prompted us to initiate a prospective study of fungal colonization and infection in the ICU. In particular, we aimed to investigate this new trend of candidemia due to non-C. albicans Candida spp. and to examine whether mucocutaneous colonization correlates with the apparent increase in the isolation of C. tropicalis from bloodstream infections.
MATERIALS AND METHODS
Epidemiological studies. After the occurrence of two chronologically related cases of C. tropicalis fungemia in the neonatal ICU (Table 1 , patients 1 and 2), a prospective study of fungal colonization and infection was initiated. The study was undertaken after approval was obtained from the Ethics Committee of Hippokration Hospital.
Between December 1998 and December 1999, a total of 781 neonates were admitted to the neonatal ICU. Of these, the 593 who were expected to stay Ͼ1 week in the neonatal ICU were enrolled in the study. On admission and at weekly intervals thereafter, 3,194 samples were taken from the oral cavity, perineum, and tracheal aspirates. Oral and perineal samples were obtained by using premoistened cotton-tipped swabs and placed in Culturette transport medium (Euromed, Letse, Italy). Tracheal aspirates were collected in sterile traps during airway suctions. All specimens were then cultured on Sabouraud glucose agar (Scharlau Chemie S.A., Barcelona, Spain) with 50 mg of chloramphenicol per liter and 50 mg of gentamicin per liter at 37°C for 48 h.
Potential environmental reservoirs such as nearby surfaces and equipment, including benches, sinks, ventilators, cubicles, and intravenous fluid administration pumps, were cultured by using premoistened cotton-tipped swabs. Both hands of staff members, including neonatal ICU physicians and nurses, physicians rotating through the unit, and ancillary personnel of the unit, were also cultured for fungi by the same technique at least twice during the surveillance study period. A sterile cotton swab was moistened with sterile normal saline, and the entire surface of the hand, including the area under the fingernails, was swabbed. A separate swab was used for each hand.
Possible risk factors for the acquisition of C. tropicalis as colonizers or as infectious pathogens were searched for in the clinical charts of the patients. Briefly, demographic data, device days for ventilators and central venous catheters (CVCs), use of antibiotics, total parenteral nutrition (NADP), corticosteroids, and other medications were recorded.
Mycological studies. Fungal isolates from colonization cultures were identified to the species level by the ability to form germ tubes and by one or more of the following methods of Candida sp. identification: the Chromagar Candida test (Becton Dickinson, Sparks, Md.), the Mycotube test (Roche, Basel Switzerland), and the API ID 32C test (bioMérieux SA, Marcy l'Etoile, France). Fungal isolates from blood cultures were identified to the species level by use of the germ tube test and the API ID 32C test.
To test the susceptibility of isolates to amphotericin B, flucytosine, fluconazole, and itraconazole, the M-27A broth microdilution method for MIC determination standardized by the NCCLS was used with appropriate control strains (22) . In addition, minimal fungicidal concentrations were also determined.
Genetic studies. Molecular epidemiological studies were performed by application of four different methods, i.e., two methods of restriction fragment length polymorphism (RFLP) of genomic DNA digested with restriction enzyme HindIII or BstNI and two PCR methods using either short tandemly repeated sequences [(GACA) 4 ] or a random primer (RP02). Control C. tropicalis isolates ATCC 750 and ATCC 1369 were obtained from the American Type Culture Collection (Vienna, Va.), and isolate NIH 719 (NIH 03180719) was obtained from the Clinical Microbiology Laboratory at the Warren Grant Magnuson Clinical Center, National Institutes of Health (Bethesda, Md.).
DNA extraction. Flasks containing 2% Sabouraud glucose broth were inoculated with two or three colonies and incubated in a 30°C shaking water bath overnight. Cells were harvested, and spheroplasts were prepared by resuspending the cells in 4 ml of spheroplast buffer containing 0.25 mg of Lyticase (Sigma L-8137) per ml as previously described (18) . DNA was extracted from spheroplasts (100 mg [wet weight]) by using the Qiagen DNeasy Plant mini DNA extraction kit (Qiagen, Santa Clarita, Calif.). The manufacturer's protocol was followed, with the following exceptions. (i) In step 2, 0.2 g of glass beads (G-8772; Sigma) was added to the sample and vortexed at high speed for 10 min. (ii) In step 4, samples were centrifuged for 5 min at high speed before application of the lysate to the QIAshredder spin column. (iii) In step 12, DNA was eluted twice from each column by using 35 l of AE elution buffer.
RFLP. On the basis of the yield of DNA (visualized on a 1% agarose gel), restriction digests were set up in accordance with the manufacturer's directions by using either 10 U of HindIII or BstNI restriction enzyme. Samples digested with HindIII were incubated at 37°C for 4 h, and BstNI samples were incubated at 60°C for 4 h. All digested samples were run on 0.7% agarose gels (50% I.D.NA agarose [catalog no. 50170; FMC Bioproducts] and 50% ultra PURE agarose [catalog no. 15510-027; Gibco BRL]) in 1ϫ Tris-borate-EDTA (TBE). Gels were run for 22 h at 45 V. Agarose gels were stained in fresh 1ϫ TBE containing 0.4 g of ethidium bromide per ml and destained as needed.
Random amplified polymorphic DNA. Two different oligonucleotide primers were used in separate reactions, RP02 (5Ј GCG ATC CCC A 3Ј) and (GACA) 4 (30) . Amplification reactions (50 l) were performed in accordance with the manufacturer's protocol, with the following exceptions: 2.5 U of Taq DNA polymerase (Boehringer Mannheim, Indianapolis, Ind.), 0.1 mg of bovine serum albumin per ml, and 1 l of genomic DNA diluted 1:10 in Tris-EDTA. Samples were incubated at 37°C for 15 min. PCR was performed for the RP02 primer as follows: 94°C for 5 min; 36°C for 5 min and 72°C for 5 min for 4 cycles; 94°C for 1 min., 36°C for 1 min, and 72°C for 2 min for 30 cycles; followed by a 10-min extension period at 72°C; ending in a 4°C soak. PCR was performed for the (GACA) 4 primer as follows: 93°C for 2 min; 93°C for 0.3 min, 40°C for 1 min, and 72°C for 0.5 min for 40 cycles; followed by a 6-min extension period at 72°C; ending in a 4°C soak. Both random amplified polymorphic DNA reactions (15 l) were run on a 2% agarose gel containing 1ϫ TBE plus ethidium bromide (0.4 g/ml).
Molecular epidemiological analysis. Analysis of gel banding patterns was performed by visualization of images captured by an AlphaImager (Alpha Innotech Corp., San Leandro, Calif.). The images were captured as either positive or negative for the best resolution of banding patterns. The banding patterns on gels from DNA of each isolate were compared for relatedness to all other isolates. Investigators who were blinded to the identity of isolates performed the comparison of gels. Comparative banding patterns were assessed independently for each method (each method was performed a minimum of three times) and compiled into a consensus biotyping pattern for each isolate. Molecular relatedness was defined as an identical consensus biotyping pattern.
Statistical analysis. The statistical program GraphPad Instat (Graphpad Inc., San Diego, Calif.) was used for analysis. Statistical evaluation of differences in proportions and odds ratio (OR) and 95% confidence interval (CI) calculations were performed by Fisher's exact test. Differences in means were evaluated by means of the Student t test. A P value of Յ0.05 indicated statistical significance. All of the P values reported are two sided.
RESULTS

Fungal colonization.
A total of 3,194 colonization cultures were processed during the study period of December 1998 to December 1999. Of these, 1,536 were obtained from the oral cavities and 1,536 were from the perinea of all 593 neonates. An additional 122 tracheal aspirates from a subgroup of 74 neonates were cultured. There were 317 (53.5%) male and 276 (46.5%) female neonates. The mean birth weight (BW) was 2,155 Ϯ 35.5 g, and the mean gestational age (GA) was 34 Ϯ 0.2 weeks. During the study period, colonization by yeasts was detected in 72 of the 593 neonates, yielding an overall colonization rate of 12.1%. C. albicans was isolated from 30 neonates (42% of the colonized neonates), C. tropicalis was isolated from 17 (24%), Candida krusei was isolated from 8 (11%), C. parapsilosis was isolated from 5 (7%), and Candida glabrata was isolated from 5 (7%). Three neonates were colonized by two yeasts each: C. albicans and C. glabrata colonized one, C. albicans and Trichosporon sp. colonized one, and C. tropicalis and C. lusitaniae colonized one. four neonates were colonized by other yeasts; specifically, Trichosporon sp. colonized two, Candida guilliermondii colonized one, and an unidentified, germ tube-negative yeast colonized one.
Fungal infections. During the study period (December 1998 to December 1999), 781 neonates were admitted to the neonatal ICU. Of these, 10 had an equal number of fungemia episodes, yielding an incidence rate of 12.8/1,000 admissions. The most common species isolated from these episodes was C. parapsilosis (six cases), followed by C. tropicalis (two cases), C. glabrata, and Trichosporon asahii (one case each). No episodes due to C. albicans occurred (Fig. 2) . The characteristics of the four neonates with fungemia due to C. tropicalis are shown in Table 1 .
Invasive fungal infections occurred in previously colonized neonates more frequently than in noncolonized neonates. Thus, 7 of 10 neonates with a fungal infection were also colonized by yeasts. On the other hand, 3 out of 521 noncolonized neonates (0.6%) suffered from infection, compared to 7 out of 72 colonized neonates (9.7%; OR ϭ 0.054; 95% CI, 0.013 to 0.213; P Ͻ 0.0001).
Characteristics of neonates colonized by C. tropicalis, invasiveness of Candida spp., and antifungal drug susceptibility of C. tropicalis isolates. The neonates colonized by C. tropicalis tended to have lower BWs and GAs than the neonates colonized by other yeasts (Table 2) . However, these differences were not significant. Only 2 (12%) of 17 neonates were colonized by C. tropicalis at an early stage (Ͻ7 days). The remaining neonates were colonized at a late stage (Ͼ7 days) of their neonatal ICU stay. As measured by the fungemia/colonization ratio, there were significant differences in invasiveness among C. albicans, C. tropicalis, and C. parapsilosis, with C. parapsilosis being the most invasive and C. albicans being the least invasive species. In particular, of 5 neonates colonized by C. parapsilosis, 3 progressed to fungemia, whereas of 17 neonates colonized by C. tropicalis, only 2 progressed to fungemia. This fungemia/colonization ratio of C. parapsilosis was significantly greater than that of C. tropicalis, other non-C. albicans Candida spp., or C. albicans (Table 3) .
During the first 4 months of the study, C. tropicalis caused a cluster of two cases of fungemia (Table 1 , patients 3 and 4) and 17 cases of colonization (52 isolates from multiple sites and times of colonization). According to data obtained by reviewing the laboratory records, the four cases included in Table 1 were the only cases of candidemia due to C. tropicalis diagnosed in the neonatal ICU. No other episodes of candidemia due to this Candida species were diagnosed during the 5.5 years prior to the cases described and during the subsequent months.
All cases of C. tropicalis fungemia were successfully treated with amphotericin B (Table 1 ). It is noteworthy that of 3 blood isolates and 19 colonization isolates studied for susceptibility to antifungal agents, all were susceptible to amphotericin B and flucytosine. With regard to azoles, one blood and five colonization isolates were nonsusceptible to fluconazole and the same blood isolate and 15 colonization isolates were nonsusceptible to itraconazole. Specifically, four and six isolates exhibited dose-dependent susceptibility to fluconazole and itraconazole, respectively, whereas one and nine isolates were resistant to the two azoles, respectively (Table 4) .
Genetic analysis of C. tropicalis isolates. Genetic analysis of two blood isolates and 12 randomly selected colonization isolates derived from six neonates demonstrated two genotypes, A and B (Fig. 1) . One blood and all colonization isolates derived from five of six colonized neonates belonged to genotype B. Only one patient was colonized and infected by genotype A (Table 5 , patient 1).
Environmental surveillance. Extensive environmental surveillance, including cultures from personnel hands, benches, sinks, ventilators, cubicles, and intravenous fluid administration pumps, revealed no common source of C. tropicalis or C. parapsilosis. Antifungal azoles were not used in the neonatal ICU prophylactically, nor was there found a significant role of other possible risk factors for their acquisition, such as central CVCs, intermittent positive pressure ventilation (IPPV), prematurity, prior sepsis, and administration of antibiotics.
Only prior administration of NADP was found to be a possible risk factor for C. tropicalis colonization. Specifically, of 17 neonates colonized by C. tropicalis, 6 (35%) had received NADP (mean duration of NADP administration to 17 neonates, 2.18 days), compared to only 1 (3.7%) out of 27 neonates colonized by C. albicans (mean duration of NADP administration to 27 neonates, 0.19 day). The difference between the two percentages is significant (OR ϭ 14.2; 95% CI, 1.5 to 132.1; P ϭ 0.009). 
DISCUSSION
In this report, we have described a cluster of colonization and fungemia due to C. tropicalis in a single neonatal ICU and an analysis of the epidemiology of these events. We found that the invasiveness of C. tropicalis was moderate and that the outcome of the infection was fair. Acquisition of C. tropicalis very likely occurred in the neonatal ICU by cross-contamination.
In contrast to C. parapsilosis, which can cause clusters and common-source outbreaks (3, 12, 19, 33) , the potential of C. tropicalis for nosocomial transmission has not been well studied. During the 4-month early period of our prospective study, we encountered a cluster of two cases of fungemia and 17 cases of colonization. Two more cases had occurred 6 months earlier (Table 1) . To our knowledge, this is the second cluster of C. tropicalis fungemia of neonates described in the English literature (6) . However, this is the largest cluster involving 4 neonates with fungemia and 17 neonates colonized by C. tropicalis.
Over the past years, there has been a change in the distribution of Candida spp. that have caused nosocomial infections in the neonatal ICU setting. Although C. albicans remains the most frequently isolated Candida species in several centers, the role of other Candida species is increasing (14, 17) . In many neonatal ICUs, C. parapsilosis has emerged as the predominant pathogen causing candidemia in neonates (11, 14, 17, 24) . Moreover, there are several reports of nosocomial cross-infections due to C. albicans or C. parapsilosis in the neonatal ICU setting (5, 10, 19, 25, 26, 33) . In contrast, C. tropicalis is rarely encountered in neonates, unlike adults and children with hematological malignancies, in whom it causes infections with a high mortality rate (7, 16, 32, 34) . The epidemiology of C. tropicalis in neonates is unclear, but the potential for nosocomial transmission must be considered.
In our neonatal ICU, the incidence of fungemia was 12.8 cases per 1,000 admissions. Historically, C. albicans has been Table 5 shows the source of each strain depicted as a three-digit number above the lanes.
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on October 15, 2017 by guest http://jcm.asm.org/ the most common species recovered, followed by C. parapsilosis (27) . However, the isolation of non-C. albicans Candida spp. as causes of fungemia has increased during the past 4 years. During the study period, C. parapsilosis and C. tropicalis have emerged as the predominant species, accounting for 80% of infected neonates. Notably, no episodes due to C. albicans have occurred in the same period. There are several possible explanations for this pathogen shift away from C. albicans toward other species, including several diagnostic and therapeutic interventions, such as the increasing use of CVCs and NADP. For example, C. parapsilosis has been significantly associated with the use of NADP and the presence of CVCs (3, 12) . In addition, the extensive use of antifungal prophylaxis may have played an important role in this changing pattern of fungal pathogens isolated in some centers (8) . However, there was no antifungal drug prophylaxis practiced in our neonatal ICU, which may have promoted a predominance of less susceptible non-C. albicans Candida spp. In addition, no significant role of other risk factors for C. tropicalis acquisition, except prior administration of NADP, was found.
Recent data have shown that C. tropicalis is the second or third leading cause of candidemia in adults, especially in patients with lymphoma, leukemia, and diabetes. In a prospective, population-based surveillance for candidemia in two United States cities, C. tropicalis infection was most often seen in persons with cancer and diabetes mellitus (46 and 24% of cases of candidemia due to C. tropicalis) (13) . In a retrospective analysis of 81 episodes of candidemia in children that occurred over a 7-year period (17), C. tropicalis was the cause of candidemia in 10% of the episodes. In this study, C. tropicalis was more likely to be isolated from older children than from neonates (17% of children versus 3% of neonates) but this difference was not significant. In one study, C. tropicalis accounted for 20% of the episodes of neonatal fungemia (20) but no further analysis of these cases was presented. While two other studies reported C. tropicalis in neonates (6, 21) , this study describes the largest number of C. tropicalis isolates and is the only study that included comprehensive genotyping of these isolates. Two large prospective multicenter studies have shown that while C. tropicalis is the second or third leading cause of candidemia in adults, it is infrequent among neonates (2, 24) and this difference was significant (19% in adults versus 0% in neonates, P ϭ 0.04) (24) .
C. tropicalis has a propensity to produce fungemia in neutropenic patients and appears to cause a disproportionate number of serious infections in patients with hematological malignancies (34) . Most infections appear to originate from the patients' alimentary tract microflora (32) . The higher proportion of C. tropicalis in adult patients and older children hospitalized in oncology-hematology units might be partially explained by the prophylactic or empirical use of amphotericin B (23) . However, other differences, such as host defense deficiency and mucosal integrity, may be related to this discrepancy. It is noteworthy that while all of the neonatal C. tropicalis isolates tested were susceptible to amphotericin B and flucytosine, a significant portion of them was found to possess reduced susceptibility to azoles, especially itraconazole, compared to C. albicans.
C. tropicalis appears to be more virulent than C. albicans in patients with hematological malignancies, and disseminated infection is associated with high mortality rates (15, 16, 31, 32) . Among adults with or without cancer, systemic infections due to C. tropicalis have been associated with higher rates of mortality and dissemination than infection due to C. parapsilosis (2, 9) . Indeed, the virulence of the latter is limited compared with that of C. albicans and C. tropicalis, and thus, the mortality caused by C. parapsilosis is lower than that caused by other Candida spp. It is noteworthy that all four neonates with C. tropicalis fungemia survived after antifungal treatment with amphotericin B.
Once introduced into a host with an impaired immune system, C. tropicalis may be more virulent than C. albicans and proceed from colonization to invasion more easily. A verylow-BW (VLBW) infant with an immature immune system may behave like an immunocompromised adult patient in this regard (34) .
Several studies have shown that rates of fungal colonization among VLBW neonates vary greatly, with C. albicans and C. parapsilosis being the most prevalent species (1, 10, 28) . In a prospective study of fungal colonization in VLBW neonates, C. tropicalis was detected in 7.7% of colonized neonates (1), although others have found a lower percentage (28) . We found a relatively high incidence of C. tropicalis colonization (24%). The high prevalence in our study may be due to an outbreak or Patient-staff interaction has been proposed on several occasions as a mechanism of cross-infection. This pattern of acquisition suggests transmission to infants once they are within the unit. In our study, only 2 (12%) out of 17 neonates were colonized by C. tropicalis at an early stage, possibly through vertical transmission; the remaining neonates were colonized at a late stage (Ͼ7 days) of their neonatal ICU stay, suggesting nosocomial acquisition of C. tropicalis. Although the examination of the hands of health care workers in our study failed to document C. tropicalis colonization, transient hand colonization of personnel cannot be excluded and, indeed, may have played an important role in this cluster of colonization in the neonatal ICU. Nevertheless, the importance of hand washing and compliance with guidelines for preventing nosocomial infections was emphasized to the personnel at the time the cluster was investigated, possibly causing the personnel to take stricter precautions during that time.
The genetic identity of one blood strain and all of the colonizing strains examined and the geographic and temporal associations are strong arguments in favor of considering this occurrence a definite cluster. No C. tropicalis isolates were identified in the unit during the last months of surveillance or subsequently. We suggest that nosocomial acquisition through indirect neonatal contact occurs, possibly via transient hand colonization of personnel. The use of molecular diagnostic tests, such as RFLP and PCR-based methods, is expected to provide more accurate means by which to understand the epidemiology of Candida infection, including the mode of transmission, and assist in the management of invasive fungal infections in the neonatal ICU.
In conclusion, a substantial risk of nosocomial colonization by non-C. albicans Candida spp. in the neonatal ICU leads to a preponderance of C. parapsilosis and C. tropicalis as causes of neonatal fungemia. Nosocomial transmission of a predominant genotype of C. tropicalis may occur among neonates, probably via cross-colonization. Colonizing C. tropicalis strains appear to be capable of causing invasive disease in neonates; however, their tendency to progress from colonization to infection was found to be significantly lower than that of C. parapsilosis.
